Background: Emergency department (ED) triage is important for categorizing and prioritizing patients. Effective triage may assist in crowd reduction in the ED and appropriate patient management. There are several systems, including the 5-level Emergency Severity Index (ESI) and the 4-level Ramathibodi-nurse triage. Currently, there are limited data by which to compare the 5-versus 4-level triage; particularly on health outcomes, such as length of stay in the ED, mortality, and resource needs. Objectives: To compare the accuracy of 5-and 4-level triage in an ED. Methods: This observational study was conducted on a cross-section of patients in the ED at Ramathibodi Hospital of Mahidol University, Bangkok, Thailand. Eligible patients were those who visited the ED and were evaluated by ESI and nurse triage. Each evaluation was blinded to the results of the other. Discrimination performance between the 5-and 4-level triage was compared by using the area under a receiver operating characteristic (ROC) curve and concordance statistic for prediction of life saving intervention. Net reclassification improvement (NRI) of the 5-level ESI over the 4-level triage was performed. Results: Study criteria were met by 520 patients. The areas under the ROC curves of the ESI and nurse triage on life-saving intervention were 92.2% (95% confidence intervals were 87.3%, 96.9%) and 81.3% (95% CI 75.2%, 87.3%), respectively. Areas under the ROC curve differed significantly (P < 0.001).The overall reclassification improvement was 42.4%.
Brief communication (Original)
Triage at the emergency department (ED) is an important process by which to categorize and prioritize patients [1] . Effective triage may assist in crowd reduction in the ED and in appropriate patient management [2] [3] [4] [5] . Physician response time to each patient depends on the individual patient category. The triage system was first described by the French physician, Dominique Jean Larrey, during the First World War. It was then developed for use in EDs worldwide [6] .
There are several triage systems including the Emergency Severity Index (ESI), Australian Triage Scale, and Manchester Triage System [7, 8] . All triage systems are comparable in terms of effectiveness, but the ESI, widely used in the United States, seems to produce better values for validity, reliability, and inter-rater reliability [9] [10] [11] [12] . The latest version of the ESI triage instrument (version 4), has 5 levels as follows: 1-resuscitation, 2-emergency, 3-urgent, 4-less urgent, and 5-non urgent [3] .
Ramathibodi Hospital is a major university and tertiary care institution located in central Bangkok, Thailand. All patients in the emergency room are initially evaluated by a triage nurse with years of experience. The nursing triage is divided into 4 levels; critical, emergency, acute, and general. To our knowledge, this triage system has never been fully validated or evaluated. A previous study showed that the 5-level ESI had better sensitivity and specificity than a 3-level version [3] . The sensitivity and specificity increased from 58% to 68% and 83% to 91%, respectively, when the triage was changed from 3 to 5 levels. The under-triage rates were also lower in the 5-level evaluation (12% vs 28%). Currently, there is limited data on directly comparing the 5-and 4-level triage at the ED, particularly on health outcomes such as length of stay in the ED, mortality, or resource needs during an ED visit.
Materials and methods
The study protocol was approved by the Institutional Review Board of Mahidol University (approval No. MURA2014/414). This observational study was conducted on a cross-section of patients in the ED in Ramathibodi Hospital, Mahidol University, Thailand. Eligible patients were patients who visited the ED and were evaluated by both the ESI (version 4), or 5-level ESI and the nurse triage. The ESI was performed by the emergency physicians on duty at the ED, while the nurse triage was evaluated by an ED nurse with at least 5 years of experience at the ED. Each evaluation was blinded to the results of the other. We excluded patients with incomplete medical data, referred patients, patients using the emergency medical service (EMS), and patients with appointments for vaccination or medications. Written informed consent to participate in the present study was given by all included patients or their nearest relatives.
Baseline characteristics of all patients were recorded. Additionally, 5 outcomes were evaluated including immediate life-saving intervention (LSI) ( Table 1) , resource needs, hospitalization rate, mortality rate, and length of stay at the ED. Resource needs were defined by any investigations or treatments required during the ED visit ( Table 2) .
Sample size calculation
The sample size was calculated using the formula for cluster surveys. Based on the prevalence of patient category 2 of 3% in 2013, the population size of 1,000,000, and the confidence interval of 95%, 497 patients were required.
Statistical analyses
Descriptive statistics were used to describe patients' characteristics. Discrimination performance between the 5-and 4-level triage was compared by using the area under a receiver operating characteristic (ROC) curve and concordance statistic on prediction of life saving intervention. Net reclassification improvement (NRI) of the 5-level ESI (version 4) over the 4-level triage was executed based on 2 categories of reclassification improvement (RI) according to LSI: RI LSI for users and RI non-LSI for nonusers. The RI for users of LSI was the proportion of patients who were categorized at a higher level by the 5-level ESI than by the 4-level triage minus the proportion of patients who were categorized at a lower level by the ESI than by the 4-level triage. The RI for nonusers of LSI was the proportion of patients who were categorized at a lower level by the ESI than by the 4-level triage minus the proportion of patients who were categorized at a higher level by the ESI than by the 4-level triage. The NRI was the sum value of RI LSI and RI non-LSI .
Results
During the 4 month period of the study, there were 11,312 patients who visited the ED. Of those, 560 patients (4.95%) met the study criteria, of whom 40 were excluded because of incomplete data (25), because they were referred patients (10), or because they were patients using EMS (5). In total, data from 520 patients were included in the analysis. The characteristics of these patients are shown in Table 3 . None of the patients were defined as category 4 by the nurse triage because this category was one of the exclusion criteria.
Characteristics of patients by the 4-level nurse triage
The majority of patients were classified as class 2 emergency and 3 urgency (512 patients; 98.5%). The median time for length of stay in the ED was higher for class 1 (9.5 h) than for class 2 or 3. There were 307 patients who required more than 2 resources (59.0%) and 32 patients (6.2%) needed LSI, mostly in class 1 (62.5%). Two patients in class 2 and 3 died. The details are shown in Table 4 . (Table 5) The majority of patients were classified as class 3 (205 patients; 39.4%). The median time for length of stay in ED was highest in class 2. There were 32 patients (6.2%) who needed lifesaving procedures. These patients were only in classes 1−3. Two patients who died were classified as class 1.
Characteristics of patients by the ESI

Comparison between the triage by nurses and ESI by LSI
Discrimination performance
The areas under the ROC curves of the triage by ESI and nurses on LSI were significantly different (P < 0.001) (Figure 1) . 
Net reclassification improvement
The concordant and disconcordant numbers of patients by the nurse and ESI triage categorized by LSI are shown in Table 6 .
Among the group using an LSI (32 patients), 9 patients, who had been classified by the nurse triage, were reclassified to a higher class by the ESI and 1 patient was reclassified to a lower class. The reclassification improvement was (9−1)/32 or 25%.
For those who did not receive lifesaving intervention (488 patients), 15 patients who had been classified by the nurse triage were reclassified to a lower class by the ESI and 100 patients were reclassified to a lower class. The reclassification improvement was (100−15)/488 or 17.4%. The net reclassification improvement was 42.4% (95%CI 0.226, 0.622).
Discussion
This study showed that the 5-level ESI triage is more accurate than the 4-level assessment tool used by nurses at Ramathibodi Hospital to predict the necessity for LSI. The 5-level tool had better discriminatory performance (Figure 1 ) and reclassification improvement (Table 6 ) than that of the 4-level tool.
The larger area under the ROC curve by the ESI (92.2% vs 81.3%) indicated the greater accuracy of the 5-level assessment tool to predict the necessity for life-saving intervention over the 4-level tool (Figure 1) . A head-to-head comparison of both tools showed that 68.8% in the life-saving-intervention group and 76.4% in the non-life-saving-intervention group were concordant. However, the net benefit for reclassification improvement was 42.4% (95%CI: 0.226, 0.622). These results implied that 42.4% of patients may be either overrated or under-rated by the 4-level tool compared with the ESI in predicting the occurrence of serious life-saving intervention. Also of note was that the 2 patients who died were correctly identified by the ESI as class 1, while the 4-level categorized them as class 2 or 3.
New information regarding assessment of severity in the ED by this study included (1) a comparison of the 5-level versus 4-level triage (previous studies reported on the 5-level versus 3-level [3] , (2) the accuracy of the 5-level ESI (previous studies showed reliability and validity, but not accuracy [9, 12] , (3) additional outcomes (previous studies showed correlation of the ESI and several outcomes such as survival, resource use, and length of stay at the ED, but the not life-saving intervention [14] [15] [16] .
There were some limitations to this study. First, each tool was used by a different group of assessors. The 4-level triage was performed by nurses in the ED and the ESI was conducted by emergency department physicians. Nevertheless, the nurses who performed the triage were experienced. Second, patients enrolled in the study were all general patients at the ED, not a specific study population such as trauma or elderly patients [13, 17] . Third, the outcome was primarily focused only on life-saving intervention because of the low mortality rate (0.38%). Finally, the study was conducted at the ED of a university hospital. The results may not apply to all hospitals, such as primary care hospitals. Further studies are needed to examine the effects in specific study populations and other hospital settings. 
Conclusion
The 5-level emergency severity index is more accurate than 4-level triage in terms of life-saving intervention.
